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Vbstra^ t The discrete nature of transverse energy associated with channeled particle has opened new applications in accelerator and 
atomic physics. The spontaneous transitions among these energy levels m the transverse space lead to what is known as channeling radiation. The 
transverse continuum potential due to two equally spaced atomic planes governing profectile motion is assumed to be harmonic type for positrons 
and corresponding bound states are estimated. One-dimensional hydrogen atom model for continuum potential due to single plane is used for the 
use of planar channeled electrons to estimate tlic corresponding bound stales in the transverse potential well fhe obstruction effects of extended 
(Ic feels (with specific reference to stacking faults) arc incorporated suitably to obtain initial and final populations of the eigen stales. The resulting 
cxprc.ssion for radiation intensities is derived using close coupling approximation
Kfmords . Electron, positron, channeled particle, bound states, close coupling app
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t. In t ro d u c t io n
\\]? t r a n s m is s io n  o f  c h a r g e d  p a r t ic l e s  th r o u g h  th e  
'.rysiallographic  o p e n  c h a n n e ls  an d  re s u ltin g  ra d ia tiv e  
.ransitions is o n e  o f  th e  fa sc in a tin g  a rea s  in th e  a to m ic  
physics in g en e ra l a n d  rad ia tio n  p h y sic s  in p a rticu la r. W hen  
relativistic c h a rg ed  p a rtic le s  like  e le c tro n s /p o s itro n s  are  
injected into th e se  o p e n  c h an n e ls , th e y  trav e l la rg e r d is tan ce s  
unless they  e n c o u n te r  ex te n d e d  d e fec ts  like  s ta ck in g  fau lts . 
I'nder the ch a n n e lin g  c o n d itio n s , th e  lo n g itu d in a l co m p o n en t 
of energy is n e a rly  c o n s ta n t w h ile  th e  tra n sv e rs  en e rg y  is 
cluantized. T he tra n s it io n s  a m o n g  v a rio u s  tra n sv e rse  en e rg y  
levels lead to  w h a t is k n o w n  as c h a n n e lin g  rad ia tio n .
The idea th a t  th e  o sc illa to ry  m o tio n  o f  ch a n n e le d  c h a rg ed  
particles sh o u ld  le ad  to  e m iss io n  o f  rad ia tio n , has been  
Jiscussed fro m  th e  v e ry  b e g in n in g , fro m  th e  c la ss ica l 
electrodynamics v ie w  p o in t. In  q u a n tu m  m e c h a n ic a l fram e 
the ra d ia tio n  e m itte d  fro m  c h a n n e le d  p o sitro n s  and  
electrons is tra d it io n a lly  e x p la in e d  o n  th e  b a s is  o f  th e  
spontaneous q u a n tu m  ju m p s  b e tw e e n  th e  d isc re te  qu an tu m  
suppo rted  b y  th e  c o n tin u u m  p o ten tia l in tran sv e rse  
space. T hese a x ia l/p la n a r  s ta te s  a re  c h a rac te riz ed  by  w ell-
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d efin ed  tran sv e rse  en e rg y , and  th e  c o rre sp o n d in g  tran s itio n s  
are  a n a lo g o u s  to  sp o n tan eo u s  d ecay  o f  ex c ited  s ta te s  in 
a to m ic  p h y sics . S ince  the  o sc illa to ry  freq u en c ie s  o) a re  low , 
th e  co rre sp o n d in g  en e rg ies  ftco a re  o f  the  o rd e r  o f  a few  eV  
on ly , the  observation  o f  the rad ia tion  appeared  to  be  p rec luded . 
B u t the  rea liza tio n  th a t re la tiv is tic  e ffec ts  w ill sh ift th e  
p h o to n  en e rg y  in to  keV  o r  ev en  M eV  reg io n  (fo r  M eV  an d  
G eV  partic les respective ly ) w as a  tu rn in g  p o in t and  K u m ak h o v  
(IJ, b ro u g h t th is  fact in to  ligh t th ro u g h  h is  ea rly  ca lc u la tio n s . 
T h e rea fte r  th e  rad ia tio n  w as  in fac t o b se rv ed  fo r  b o th  
p o sitro n s  [2] and  e lec tro n s [3]. S ince  th a t tim e  th is  ch an n e lin g  
rad ia tio n  h as b een  th e  su b jec t o f  e x ten s iv e  re sea rch  a n d  h as 
b een  rev iew ed  b y  sev e ra l au th o rs  [4]. In  a d d itio n , it h as  
severa l a p p lic a tio n s  in a to m ic  p h y s ic s  an d  m a te ria l sc ien ce .
N ex t sec tion  d iscusses the b asic  m ech an ism s o f  chan n e lin g  
rad ia tio n  from  re la tiv is tic  e le c tro n s /p o s itro n s . S ec tio n  3 
d e sc rib e s  th e  q u an tu m  m ech a n ica l m o d e l fo r  th e  p la n n a r  
ch an n e lin g  o f  e le c tro n s /p o sitro n s . S ec tio n  4  h ig h lig h ts  th e  
e ffec ts  o f  s tack in g  fau lts  on  th e  tra n is ito n  p ro b a b ilitie s  o f  
p la n n a r  c h a n n e le d  e le c tro n s /p o s i tro n s  a t  th e  s ta c k in g  
b o u n d ary . N ex t th ree  sec tio n s  d ea l w ith  th e  in itia l p o p u la tio n ,
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p o p u la t io n  re d is tr ib u t io n  an d  th e  ra d ia to n  in te n s i t ie s  
re sp e c tiv e ly . W e c o n c lu d e  w ith  th e  re su lts  and  d iscu ssio n  in 
th e  las t sec tio n .
2. C h a n n e l in g  r a d i a t i o n  f ro m  p o s i tro n s  a n d  e le c tro n s
T h e  c h a n n e lin g  ra d ia tio n  acco m p an ied  by  th e  ligh t partic le s  
(v iz , e  ) a n d  th e  c h a rac te ris tic s  like rad ia tio n  in tensity , 
m o n o c h r o m a t ic i ty ,  l in e  w id th s  e tc . ,  a re  s tu d ie d  b y  
in co rp o ra tin g  sp o n ta n e o u s  tran s itio n s  am o n g  th e  tran sv e rse  
e n e rg y  lev e ls  a n d  th e se  q u an tu m  m ech a n ica l e stim a tes  a re  
in g o o d  a g re e m e n t w ith  ex p e rim en ta l d a ta  [5]. M ost o f  th e  
th e o re tic a l in v e s tig a tio n s  in th is d irec tio n  h av e  been  b ased  
on  n e a rly  p e rfe c t c ry s ta l s itu a tio n s . H o w ev er, no  c ry s ta l is 
p e rfe c t in rea l life  h e n c e  it is im p o rtan t to  u n d e rs tan d  th e  ro le  
o f  th e se  d e fe c ts  o n  ch a n n e lin g  rad ia tio n . In fac t a se ries  o f  
ex p e rim e n ts  w e re  ca rr ie d  o u t by Park  e t a l  [6 ] fo r bo th  
e lec tro n s and  p o sitro n s  u sing  d iam o n d  crystals , w here  n itrogen  
p la te le ts  a re  h u rr ie d  in trin s ica lly  d eep  in s ide  th e  cry s ta ls . 
T liese  o b se rv a tio n s  sh o w  so m e in te restin g  resu lts , p articu la rly  
in c o n n e c tio n  w ith  line w id th s  and  en e rg ie s  u n d e r th e  
in f lu en ce  o f  th e se  e x te n d e d  de fec ts . T h e  o b se rv a tio n s  based  
on  th e se  e x p e rim e n ts  w ith  a n d  w ith o u t th e  n itro g en  p la te le ts  
in d ia m o n d s  c le a rly  ind ica te  tha t th e  p re sen ce  o f  th e  p la te le ts  
c a u se  re d u c tio n  in sp ec tra l line w id th  (the  cen tro id  b e in g  
in tac t) fo r  p o s itro n s  on  o n e  h a n d  and  shiilt in th e  line 
freq u en cy  fo r th e  ca se  o f  e le c tro n s  o n  th e  o ther. T h ese  p la tes  
m a y  be v isu a liz e d  m o re  o r  less like  a  se rie s  o f  s tack in g  fau lts  
a lo n g  (1 1 1 ) an d  (1 1 0 ) p la n a r  d irec tio n s . T h ese  o b se rv a tio n s  
su g g es t th a t th e  c h a n n e lin g  rad ia tio n  em itted  by  re la tiv is tic  
p a rtic le s  can  in tu rn  b e  u sed  fo r  d e fec t ch a rac te riz a tio n . T h is  
d ia g n o s is  is p o ss ib le  th ro u g h  th e  m easu rem en t o f  in tensities 
an d  c o rre sp o n d in g  line  w id th s  as in f lu en ced  by  defects. T o  
th e  b e s t o f  o u r  k n o w le d g e , th e  d e ta ile d  an d  accu ra te  
q u a n ti ta t iv e  th e o re tic a l d e sc r ip tio n  o f  th is  p ro b le m  by  
in c o rp o ra tin g  th e  e ffe c ts  o f  s ta ck in g  d e fec ts  on  p o s itro n / 
e le c tro n  c h a n n e lin g  rad ia tio n  is n o t g iv en  so  far.
3 . T h e  m o d e l
F o r e le c tro n  c h an n e lin g , th e  e le c tro n s  in th e  g ro u n d  sta te  o f  
th e  tra n sv e rse  en e rg y  sp ec tru m  are  d ech an n e led  fa s te r  than  
th o se  in e x c ite d  s ta te s . T h is  is b e c a u se  th e  e le c tro n s  
c o rre sp o n d in g  to  lo w er tran sv e rse  en e rg y  s ta tes  o sc illa te  
a ro u n d  th e  a to m ic  p la n e s  w ith  a  sm a lle r  am p litu d e  so  th a t 
o v e ra ll th ey  sp en d  la rg e r frac tion  o f  th e ir  tim e  in th e  v ic in ity  
o f  a to m ic  p la n e s  o r ax es  and  h en ce  g e t d ech an n e led  a t a 
fa s te r  ra te  th an  th o se  c o rre sp o n d in g  to  h ig h e r  tran sv e rse  
energy , / . e ,  exc ited  s ta tes. T h is  m ech an ism  ten d s  to  dechanne l 
th e  g ro u n d  s ta te  in  th e  tran sv e rse  e n e rg y  sp ec tru m  o f  
e le c tro n s  m u c h  fas te r. F o r th e  ax ia l case  th e  e le c tro n  b ecau se  
o f  its a ttra c tiv e  n a tu re  to w a rd s  ta rg e t nu c le i, ta k e s  sp ira l p a th  
(k n o w n  as ro s e tte -m o tio n  [7 ]) an d  th e  tran sv e rse  p o ten tia l 
is tw o  d im e n s io n a l. H o w e v e r in th e  p la n a r  case  it o sc illa te s
ab o u t th e  a to m ic  p la n e  in th e  tra n sv e rse  space and 
c o rre sp o n d in g  p la n a r  tra n sv e rse  p o te n tia l seen by these 
e le c tro n s  is o n e  d im en s io n a l a n d  can  b e  expressed  as
( 1)
w h ere  A  con ta in s th e  in fo rm ation  ab o u t h o s t crystal parameters 
an d  p ro jec tile  ch a rg e .
F o r th e  p o s itro n s , b e cau se  o f  o p p o s ite  charge , situation 
is rev e rsed  to  th a t fo r  e le c tro n s  [8 ]. T h e  tran sv e rse  potential 
fo r p o s itro n s  is w ell a p p ro x im a te d  b y  s im p le  harmonic 
o sc illa to r, g iv en  by
(2)
w h ere  Vo an d  V  d ep e n d  on  h o s t c ry s ta l param eters and 
p ro je c tile  ch a rg e .
T h e  g ro u n d  s ta te  w a v e fu n c tio n  o f  th e  p o sitro n  is strongly 
lo ca lized  a b o u t th e  c h an n e l a x is  (x  0 ) so  th a t the  particle 
is co n fin ed  a lo n g  th is  ax is . O n  th e  o th e r  h an d , the  excited 
s ta te s  w ill h av e  m o re  ten d en c y  to  c a u se  dechanne ling , since 
th e se  p a rtic le s  co m e  c lo se r  to  h o s t a to m s  (p lan e  or axes)
T h e  c o rre sp o n d in g  S ch rO d inger eq u a tio n  governing the 
tran sv e rse  m o tio n  is g iv en  by
2 }m
V ^ + V ( x ) tJi
w h ere  y m  is the  re la tiv is tic  m ass  o f  th e  p a rtic le  [17]. r(v) 
is th e  co rre sp o n d in g  co n tin u u m  p la n a r  p o te n tia l fo r electron 
po sitro n  and  rep re sen ts  s tan d a rd  tra n sv e rse  energy  eigen 
states. T he co rresp o n d in g  w ave  function  for plannar channeled 
po sitro n  is s im ila r to  th a t o f  s tan d a rd  h a rm o n ic  oscillator
T h e  d e ta iled  ca lc u la tio n  o f  e ig en  fu n c tio n s  o f  planar 
ch an n e led  e lec tro n  in v o lv e s  h y p c rg e o m c tr ic  functions and 
th is is ex p la in ed  in R ef. [9]. T h ese  w av e  fu n c tio n s are obtained 
fo r b o th  ev en  and  o d d  p a rity  s ta te s  b y  m a tch in g  them at 
jc =  0. In th e  p re sen t q u an tu m  fo rm u la tio n  w e  w ill make use 
o f  these  w av cfu n c tio n s to  ob ta in  the  ch an n e lin g / dechanneiing 
p ro b ab ilitie s . T h e  re su ltin g  w av e  fu n c tio n s  a re  g iven by
V «  = y ^ ^ e x p ( - | x | / « / l o ) W i { , { 2 | J c | / M ) )  (4)
w h ere  Ao “  w ith  ao b e in g  th e  B o h r  radius. Wf
d e fin e  th e  fu n c tio n  {x} as
{
x | i f | « >  is even
X i f  |n  >  is od d
H ere  L'„ re p re se n t a sso c ia te d  L ag u e rre  p o ly n o m ia ls  o f fif*'
d" r ^
k in d  o b ta in ed  b y  u s in g  th e  re la tion
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4 Transition probabiities at the stacking boundary
A stacking fau lt is an  e x a m p le  o f  o b s tru c tio n  w ith o u t an y  
jistortion in the  c h a n n e l w h e re  th e  p o te n tia l v a lley s  p re sen t 
in the one side o f  th e  fa u lt a re  sh if te d  w .r.t th e  p o ten tia l h ills  
j,n the other side. F o r  an y  p a rtic le  p a ss in g  th ro u g h  th e  s tack ing  
iault, the lo n g itu d in a l c o m p o n e n t o f  en e rg y  is n o t m u ch  
affected but th e  tra n sv e rse  e n e rg y  u n d e rg o e s  a  ch an g e . So  
quantum m ech an ica lly  it is a  tra n s itio n  o f  th e  p a rtic le  from  
one harm onic (h y d ro z e n  a to m e  lik e ) p o ten tia l to  o th e r  s im ila r 
potential shifted  b y  an  a m o u n t (as) eq u a l to  th e  s ta ck in g  sh ift. 
Hence by in co rp o ra tin g  th e  sh if t in th e  r ig h t s ide  w av e  
' function one can  c a lc u la te  th e  m a trix  e le m e n t a t th e  s tack in g  
boundary. T his m a tr ix  e le m e n t g o v e rn s  th e  tran s itio n s  a m o n g  
the various av a ilab le  s ta tes . H ere  an  ex p re s s io n  fo r  tran s itio n  
probabiity T„ o n  th e  b a s is  o f  su d d en  a p p ro x im a tio n  fo r 




A general e x p re s s io n  is o b ta in e d  u s in g  th e  g e n e ra t in g  
lunctions of H erm ite  p o ly n o m ia ls  to  ca lc u la te  th e  m atrix  
dement m i  a n d  is g iv en  by
ex:p ( -A ^ /4 )




X m C \-  ‘ .
( n -  m ^ r )
,/yn-m^2r (6)
where h -  aa^.
The m ost g en e ra liz e d  ex p re ss io n  fo r  th e  a b o v e  ex p ress io n  
IS expanded in te rm s  o f  a sso c ia te d  L a g u e rre  p o ly n o m ia ls , 
^"hich is g iven  b y
x ( - 6 r “ L » - '" ( * '/2 )  (7 )
These m atrix  e le m e n ts  w ere  firs t c a lc u la te d  b y  G o te ti e t a l  
1^ 0] for lim itted  n u m b e r  o f  m a x im u m  s ta te s  in an  in d u c tio n  
i i^ethod and th ey  d is c u sse d  th e  b e h a v io u r  o f  th e se  tran s itio n s  
•II detail H ere w e  so lv ed  th e  in teg ra l an a ly tic a lly  to  g e t th e  
above general e x p re ss io n .
The c o rre sp o n d in g  m a trix  e le m e n t fo r  p la n a r  ch a n n e led  
electron is ev a lu a te d  fro m  th e  in teg ra l
(m |/i)  =  C ^ J ^  C K p ^ - - ^ — [ n \x  + b \+ m \x ^  
’'> * * * • * >
w h ere  C„ (8)
T h e  in d iv id u a l  t r a n s i t io n  a m p l i tu d e s  | < m | « > p  a re  
o b ta in ed  by  sp littin g  th e  in teg ra l in to  v a rio u s  in te rv a ls .
ie „
^0 ^00
I •••C&+I •••utc + l d x .J--CO j —co J ~h Jo
?
5. Initial population
T h e  to ta l w a^ e fu n c tio n s  o f  th e  ch an n e led  p a rtic le  (p o s itro n ) 
in v a rio u s  r ^ i o n s  n am ely , ju s t  b e fo re  en te r in g  th e  cry s ta l 
( ^ 1), in s id e  th e  p lan a r ch an n e l (ip i)  a n d  fin a lly  a f te r  th e  
s tack in g  fau lt a re  g iv en  by
i f r i ( x ,y ,2 )  = C e ‘« '  (9 )
V /2 ( x ,y ,2 )  = ^ A „ t p „
= 2 ( 1 0 )
y / 2 ( x , y , z )  =  'YjBm<Pn
H ere  th e  co lu m n  vec to rs  rep re sen t th e  sp in o r  c o m p o n en ts  
in th e  D irac eq u a tio n  and  th ey  a re  ex p re ssed  in te rm s  o f  
D irac  m a tric e s  an d  th e  co rre sp o n d in g  w av e  fu n c tio n s  are  
m a tch ed  ac ro ss  th e  bo u n d arie s . T he  in itia l q u asi m o m e n tu m  
qj, (n e e d e d  fo r  in i t ia l  p o p u la t io n  o f  th e  p a r t ic l e s )  is 
ca lc u la ted  in c lo se  c o u p lin g  a p p ro x im a tio n  [ 1 1 ] an d  g iv en  
in te rm s o f  th e  n u m b e r o f  q u an tu m  sta te s  su p p o r ted  b y  
th e  tra n sv e rse  p o te n tia l w e ll a sso c ia te d  w ith  th e  p la n a r  
ch an n e l
2ym
=  a-sj(2n + \)
w h e re , a  is w e ll-k n o w n  c o u p lin g  c o n s ta n t  [1 2 ] .  T h e  
m a x im u m  n u m b e r  o f  b o u n d  s t a te s  «max n e e d e d  f o r  
c o rre sp o n d in g  can  be  o b ta in e d  b y  e q u a tin g  th e  to ta l 
tran sv e rse  en e rg y  to  th e  d ep th  o f  th e  p la n a r  p o te n tia l [13 ]. 
T h e  c o r r e s p o n d in g  e x p re s s io n  fo r  in i t i a l  p o p u la t io n /  
o ccu p a tio n  p ro b a b ility  o f  s ta te  | n >  i.e .. T in  is e v a lu a te d  by  
m a tch in g  th e  c ry s ta l w a v e fu n c tio n  to  th e  in c id e n t p la n e  w a v e  
a t th e  su rface  b o u n d a ry  (i.e ., z  = 0 ). U sin g  eq n s . (1 )  an d  (2 )  
w e  h av e
y / i ( x , y , z \ , f ^ .  = q f2 i x ,y , z ) \ s . ( ^ .






=> 9* =  A,
7^0’
n „  = M » P  = \ e “i''< />„ix)dx
J^cc
e x p ( - ? i / a 2 ) V ^
2 " n \
( 12)
w h e re , / / „  is H e rm itc  p o ly n o m ia l o f  in d ex  ' n \  !!„  a re  
c o m p u te d  fo r  v a rio u s  in itia l s ta te s  \n >  and  th e  m ax im u m  
n u m b e r  o f  th e se  b o u n d  sta te s  is o b ta in ed  from  the  cry s ta l 
p ro p e r ty  a n d  th e  in c id en t en e rg y . T h ese  p o p u la tio n s , d u e  to  
p re se n c e  o f  d e fe c ts  g e t d ep o p u la ted  to  so m e  ex ten t an d  aga in  
r e p o p u l a t i o n  la k e s  p la c e ,  d e p e n d in g  o n  n a tu r e  a n d  
c o n c e n tra tio n , in s id e  th e  c ry s ta ls  [14]. H ere  w e co n s id e r th e  
o b s tru c tio n  e ffe c ts  c re a te d  by  s ta ck in g  fau lts  and  s tu d y  th e  
su b se q u e n t d e c h a n n e lin g  w h ich  is p a rtly  a ttr ib u ted  to  (i)  th e  
a b ru p t sh if t in th e  a to m ic  p lan es  (w h ich  is d en o ted  by  
a n d  ( ii)  th e ir  re la tiv e  o rien ta tio n  an g le  as ' ‘seen ” b y  th e  
a p p ro a c h in g  p a rtic le  n e a r  th e  fau lt. T h ese  tw o  p ro cesses  
c a u se  red is tr ib u tio n  o f  th e  p o p u la tio n s  th a t w as in itia lly  set 
u p  b y  th e  c ry s ta l p o ten tia l. T h ese  ca lc u la tio n s  a re  d e sc rib ed  
b e lo w  in th e  n ex t sec tio n ,
6 . P o p u la t io n  r e - d is t r ib u t io n  a t  th e  f a u l t
W hen  th e  p a rtic le  flux  c ro sse s  th e  s ta ck in g  fau lt b o u n d a ry  
th e  p a rtic le  re -d is tr ib u tio n  e ffec ts  a t th e  fau lt a re  in co rpo ra ted  
in te rm s  o f  o r ie n ta tio n  o f  th e  p la n e s  w ,r t. th e  ch a n n e ls  on 
th e  left p a rt o f  th e  s ta c k in g  fau lt b o u n d a ry  and  th e  ab ru p t 
sh ift o f  th e se  p la n e s  on  th e  rig h t s ide  o f  th e  fau lt, fh e  
o rie n ta tio n  a n g le  6  ^in f lu en ces  th e  d is tr ib u tio n  o f  the  p a rtic le s  
in jcy-plane a n d  on  th e  o th e r  h a n d  th e  s ta ck in g  sh ift in d u ces 
ch an g e  in th e  tran sv e rse  en e rg y  o f  the  partic les. In the situation  
w h e re  th e  an g le  0  is -if/c  a n d  sh ift as »  a rt. (sc reen in g  
d is tan ce ) , m a jo rity  o f  th e  p a rtic le s  a re  ex p ec ted  to  su rv iv e  
e v en  a f te r  th e  p a ssag e  th ro u g h  th e  b o u n d a ry . T lte im p o rtan ce  
o f  a b o v e  tw o  p a ra m e te rs  lies in th e  fa c t th a t th e  fu r th e r 
d e c h a n n e lin g  c a u se d  by  th e  s ta c k in g  b o u n d a ry  an d  re su ltin g  
re d is tr ib u tio n  o f  th e  c h an n e led  flux  as a re su lt o f  su dden  
a p p e a ra n c e  o f  th e  f a u l te d  re g io n  [6 ]. T h e  tr a n s v e rs e  
c o m p o n e n t o f  th e  m o m en tu m  [ 15] ju s t  a f te r  th e  in te rface  is 
o b ta in e d  a s p x  - p \\0  H ere  w e  m a tch  th e  b a s is  w av e fu n c tio n s  
o f  th e  p a rtic le  a t he  s ta c k in g  fau lt b o u n d a ry  p re su m in g  
th a t th e  fa u lt is lo ca ted  at, say , z  =  zo. /.e ., u s in g  eqs. (2 ) 
an d  (3 )
dW 2
d z d z
T h is  leads to  w e ll-k n o w n  c o n se rv a tio n  o f  quasi-momenia
i.e ., q , +  . T h e  q u a n tity  is ob ta ined  in temis
o f  th e  re sp ec tiv e  e ig en  s ta te s  o n  th e  e ith e r  side o f  the fault 
w h ich  is g iv en  by
I =  2  I f ix )g > „ {x  + a , ) d x
Winax ,
!m!
+ \  + h)di
w h ere  t  ^  a x  and  t] = K O fa  w ith  K  b e in g  th e  longitudindl 
co m p o n en t o f  th e  m o m en tu m . B y d e n o tin g   ^ rj- the 
ab o v e  in teg ra l can  be  e x p re ssed  in te rm s  o f  Associated 
L ag u erre  p o ly n o m ia ls  g iv en  by
IP  i ? _ ^ - r J /2 V  ( m in { w ,n } ) ! f r  
(m ax  { /«,«})! I, 2
(  2 \ f ]
"'(t ] (I4i
7. E x p re s s io n s  fo r  r a d ia t io n  in te n s i t ie s
T he  in ten sities  o f  v a rio u s sp ec tra l p eak s  a sso c ia ted  with tht 
tran sm iss io n  o f  th e  p a rtic le  in d ip o le  approx im ation  an 
g o v e rn ed  by v a rio u s  fac to rs  like  th e  m a trix  e lem en t | /w  ‘ 
th e  in itia l p o p u la t io n  o f  c h a n n e le d  s ta te s  n „  and the 
d ech an n e lin g  o f  th e  p a rtic le  flux , n e a r  th e  fau lted  region. The 
d e c h a n n e l in g  d u e  to  th e  o b s t r u c t io n  e f f e c ts  o f  the 
c rysta llog raph ic  p lanes causes reduction  in th e  state population 
I I , I f  ' s '  is th e  p en e tra tio n  d ep th  o f  th e  p a rtic le  beam into 
th e  c r y s t a l ,  th e  d e c h a n n e l in g  e f f e c t s  can  be 
p h en o m en o lo g ica lly  in tro d u ced  b y  a  d e p le tio n  factor Dnit\ 
w h ich  is g iv en  by
D „(t) Cv„//)(1 -  exp(-jr/5« ))
w h ere  s„ d en o te s  d ep le tio n  len g th  o f  |w >  in a crystal of 
th ick n ess  [16]. T h e  e ffec tiv e  p o p u la tio n  govern ing  the 
em iss io n  o f  ch a n n e lin g  rad ia tio n  o v e r  th e  c ry s ta l thickness 
is g iv en  by
T o ta l in ten s ity  o f  g iv e n  tra n s itio n  p e a k  in  th e  channeling 
rad ia tio n  sp ec tru m  is g o v e rn e d  b y  w h a t is  ca lled  strength 
fa c to r  g iv e n  b y  F„„ ~  T o  o b ta in  absolute
ra d ia tio n  in ten s ity  w h ich  in  tu rn s  o u t to  b e  g iv e n  by
;V
C h a n n e lin g  ra d ia tio n  fr o m  re la tiv is tic  e le c tro n s  a n d  p o s itro n s
2 ( 1 + / ? - ' ) a o } \ ^ ^ { m c y ^  i ( « /  I«») f
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x | f ^ c f r  (1 6 )
where detector so lid  a n g le  S Q  «  a n d  /Teff is e ffec tiv e  
fractional p o p u la tio n  o f  s ta te  a f te r  s ta c k in g  fau lt b o u n d a ry  
and is p h o to n  e n e rg y  e m itte d  in  fo rw a rd  d irec tio n , y?, 
I and c have th e ir  u se l m e a n in g s  [I],
By in co rp o ra tin g  d e c h a n n e lin g  e ffe c ts  c a u se d  b y  the  
rthstructions n e a r  th e  fa u lte d  re g io n , th e  in itia l an d  final 
populations h av e  b e e n  c o m p u te d  a n d  re su ltin g  s tren g th  fac to r
IS estimated.
8. Results, d is c u s s io n  a n d  c o n c lu s io n s
A general e x p re ss io n  is d e riv e d  a n a ly tic a lly  to  c a lc u la te  th e  
matrix elem ent th a t g o v e rn s  th e  tra n s it io n s  o f  p o s itro n s  from  
one state to a n o th e r  d u e  to  s ta c k in g  fau lt. T h e  b e h a v io u r  o f  
these iranstions a re  d is c u sse d  e ls e w h e re  [10 ]. F o r th e  case  
it e le c tro n s , t h e  n u m e r i c a l  c a l c u l a t i o n s  i n v o l v in g  
r-iniegrations a re  c a rr ie d  o u t u s in g  M a th e m a tic a ™ . T h ese  
.a d u la t io n s  sh o w  so m e  in te re s tin g  resu lts . H ere  w e  n o tic e  
lhat " 3 11 > 1^  o sc illa te s  w ith  /  w h ile  its c o u n te rp a rt | <  1 1 3 > p  
\a n c s  ex p onen tia lly  (F ig u re  l( a ,b ) ) . H o w e v e r th e  g en era l 
lionds especially  fo r th e  v a ria tio n s  o f  th e se  n o n -d ia g o n a l
'^6ure j. I j ^ channeling probability for electron initially in
final state 11 >. (c) The variation of total channeling probability 
''^ uiaiiy well channeled particle with stacking fault.
e lem en ts  w ith  s ta ck in g  sh if t seem s to  b e  v e ry  sm a ll. T h ese  
re su lts  a lso  im p ly  th a t th e  tra n sv e rse  p o te n tia l u sed  h e re  
sh o u ld  be  av e ra g e d  o v e r  its  n e ig h b o u r in g  p la n e s  so  th a t th e  
e ffec tiv e  p la h a r  co n tin u u m  p o ten tia l in th e  m id w a y  p o s itio n  
be tw een  its n e ig h b o u rin g  p lan es is sca led  to  zero ; th e  re su ltin g  
a m p litu d es  V anish in  th e  v ic in ity  o f  th e  sh ift b - i  T h e  to ta l 
c h an n e lin g /< )^ h an n e lin g  p ro b ab ilitie s  sh o w  so m e  in te re s tin g  
results . F o r exam ple  th e  channe lin g /d ech an n e lin g  p ro bab ilities  
a re  v e ry  mu<jh sen s itiv e  to  th e  s ta c k in g  sh if t fo r  in itia lly  w e ll 
c h a n n e le d  p |r t ic le s  (F ig u re  1(c )), T h is  b e h a v io u r  c o n firm s  
o u r  a s s u m ^ iio n  th a t  th e  w e ll c h a n n e le d  e le c tro n s  a re  
re sp o n s ib le  fe>r d ech a n n e lin g  p ro cess . In th a t th e y  a re  m o s t 
like ly  to  be d ech an n c led  by  su d d en  a p p ro x im a tio n  o f  s ta ck in g  
f a u l t s .  T h e  c h a n n e l i n g / d e c h a n n e l i n g  p r o b a b i l i t i e s  
c o r r e s p o n d in g  to  e x c i t e d  s t a te s  s h o w  m o r e  o r  le s s  
e x p o n en tia l v a ria tio n . T h is  is in  co n tra s t to  p o s itro n  case  
w h e re  th e  e x c ite d  s ta te s  Xy) v e ry  s e n s it iv e  to  
stack in g  sh ift w h ile  the  to ta l ch an n e lin g  p ro b ab ility  fo r g ro u n d  
sta te  is a lm o s t g au ss ian  in sh ap e  [12 ]. T h is  re f le c ts  th e  
fac t th a t th e  d e c h a n n e lin g  o f  e le c tro n s  an d  p o s itro n s  is 
q u a lita tiv e ly  d if fe re n t b e c a u se  o f  th e ir  o p p o s ite  c h a rg e s  an d  
th is  is rev ea led  c lea rly  in th e  p re sen t q u an tu m  d e c h a n n e lin g  
c a lc u la tio n s . E x p re ss io n s  fo r  in itia l p o p u la tio n  a n d  th e  
p o p u la t io n  r e d is tr ib u t io n  a t th e  fa u l t  a re  d e r iv e d .  A n  
ex p re ss io n  is o b ta in ed  to  e s tim a te  th e  e ffe c t o f  s ta c k in g  
sh ift/o rien ta tio n  on  th e  rad ia tio n  in tensities . T h is  h a s  tw o  
fo ld  ap p lic a tio n . It can  b e  u sed  to  e s tim a te  th e  re q u ire d  
sh ift to  o b ta in  th e  m ax im u m  in ten sity  an d  on  th e  o th e r  h a n d  
it can  be  u sed  to  m easu re  th e  s ta ck in g  sh ift b y  m e a su rin g  
th e  rad ia tio n  in ten sitie s . In fu tu re  th is  fo rm u la tio n  w ill b e  
ex ten d e d  to  c a lc u la te  th e  line w id th s  an d  re la te d  q u an titie s . 
It w ill a lso  be  ap p lied  to  s tu d y  th e  e le c tro n  c h a n n e lin g  
rad ia tio n .
A c k n o w le d g m e n ts
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